Para-aminobenzoic acid has recently been recognized as a factor required for the growth of a number of micro6rganisms' and as a member of the vitamin B group.2 One of the number of x-ray induced mutants of Neurospora crassa, obtained as described elsewhere,' is characterized by the loss of ability to synthesize p-aminobenzoic acid. This "aminobenzoicless" mutant is differentiated from normal by a single gene, is unable to grow on unsupplemented synthetic medium, but its growth is indistinguishable from normal when p-aminobenzoic acid is supplied.
and four mutant-type spores, and in no case were more than four spores of a kind obtained from any one ascus. The results in the 17 asci in which segregations for both sex and aminobenzoicless could be deduced are summarized in table 1. It is evident from these results that the aminobenzoicless character is inherited as though it were differentiated from normal by a single gene. There is no evidence of linkage of aminobenzoicless and sex. The fact that in 10 out of 17 asci aminobenzoicless segregated from its normal allele in the second division indicates that the aminobenzoicless locus is an appreciable distance from the centromere.
In addition to the original aminobenzoicless mutant (ascospore isolate 1633), which was used for all physiological investigations described except those otherwise noted, an apparently independent occurrence of this mutant was recorded (isolate 5359). A cross between 5359 and 1633-63-6 The base and apex of the ascus are regarded as equivalent and the orientation of second division spindles is disregarded unless this has significance with regard to recombination. Since the third division is equational, each pair of products of this division is reported as a unit. TYP} figure 4 .
Growth of the aminobenzoicless mutant is normal only in the presence of p-aminobenzoic acid. In tests of other known growth factors a slight but significant response to pimelic acid has been noted. This response is apparent only after a period of five or six days, whereas that to p-aminobenzoic acid is evident after one day. The pimelic acid effect has been observed with both liquid and solid media and with carefully recrystallized pimelic acid. This phenomenon, which obviously needs further investigation, suggests either some sort of adaptation or a possible conversion of pimelic acid to p-aminobenzoic acid.6 Whatever its nature may be, recovering and retesting strains grown in the presence of pimelic acid shows that the effect does not involve a genetic change in the organism.
The growth of the aminobenzoicless mutant is a function of the amount of p-aminobenzoic acid supplied to it. This quantitative relation can be determined either by the increase in dry weight of mycelium in liquid medium, or by rate of progression of the mycelium front through a tube partly filled with agar medium.
For the dry weight determinations, cultures were grown in 250-ml.
Erlenmeyer flasks containing 25 ml. of synthetic medium supplemented with p-aminobenzoic acid. Each flask was inoculated with a drop of a water suspension of conidia. At the end of the incubation period, generally 3 days, the mycelium was removed, washed and dried at 105°C. on a weighed watch glass. Figure 1 gives the results of a number of series.
The relation between weight and p-aminobenzoic acid is almost linear up to a concentration of 0.25 gamma per 25 ml. The average weight reached in 3 days with 0.5 gamma per 25 ml. is about 40 mg., the weight reached by the normal, unsupplemented culture in the same time. The variability is rather great, due to the fact that only one determination can be made for each culture and due to variations in inoculum, length of initial lag period and probably other factors. Because of these difficulties and because significant weights cannot be reached in much less than 3 days, this method is only fairly satisfactory for assay purposes.
A more satisfactory method of determining the relation between paminobenzoic acid concentration and growth is to measure the rate of progression of the mycelium front along the surface of agar medium in a horizontal tube as previously described.3 This method has the advantage that variations inherent in the liquid culture method are not included in the measurements, since the final rate of progression is determined after equilibrium is reached and several measurements may be made in a given culture tube. This method has the further advantage that significant rate measurements may be made over a relatively short period of time, after the rate has become constant. The results of a series of p-aminobenzoic acid concentrations are shown in figure 2. As more p-aminoben- Inhibition of normal and aminobenzoicless strains (1633 and 5359) with sulfanilamide. Mutant strains supplied with one gamma f-aminobenzoic acid per 15 ml. medium. zoic acid is supplied the rate of progression increases until with 0.5 gamma per 25 ml. it is the same as that of the normal strain (approximately 4 mm.. per hour at 25°C. Figure 3 gives the final relation between the rate and vitamin concentration.
The results of both methods show that when enough p-aminobenzoic acid is supplied to the mutant it is indistinguishable from the normal strain. The inability to synthesize this vitamin seems therefore to be the only differentiating factor.
The biological significance of p-aminobenzoic acid was first recognized as a result of its action in overcoming the bacteriostatic or inhibitory tyrosine, no activity could be detected. These facts indicate that an aromatic substituted N is essential for activity and that if a second substituent group is present it must be in para position to the N. These results and the inactivity of tyrosine, which is presumably synthesized by the mutant strain, suggest the possibility that the reaction blocked by the mutant gene may be concerned with the introduction of an amino N into the benzene ring.
If this is the reaction blocked in the aminobenzoicless mutant, normal strains should be able to introduce an amino N into a benzene ring. It is known that normal strains synthesize p-aminobenzoic acid or some other active substance, and practically all of the excess of this is contained in the culture medium. It is therefore possible to test such strains for their ability to introduce an aromatic amino group by growing them in the presence of compounds containing a nitrogen-free benzene ring and determining whether the p-aminobenzoic acid content of the medium is thereby increased. When grown for 3 days in the absence of such compounds, N. crassa produced about 0.1 gamma of p-aminobenzoic acid per 25 ml. of medium, indicating that the synthesis of this growth factor is normally not greatly in excess of its needs. This is likewise indicated by the sulfanilamide inhibition data. In the presence of benzoic acid, p-hydroxybenzoic acid, or tyrosine, in concentrations up to 1 mg. per 25 ml., the amount of p-aminobenzoic acid produced was not detectably increased. In fact, benzoic acid appreciably decreased the amount of p-aminobenzoic acid recovered. The conclusion that these compounds are not converted into p-aminobenzoic acid is confirmed by the fact that they do not have the anti-sulfanilamide activity to be expected with an increased yield of paminobenzoic acid.
The failure to detect any conversion of the tested nitrogen-free compounds to p-aminobenzoic acid, tends to discredit the suggestion that the mutant gene blocks the introduction of an aromatic amino group. It indicates, rather, that the normal synthesis of p-aminobenzoic acid does not involve the introduction of an aromatic N or amino group into a preformed benzene ring. It should be pointed out, however, that the interpretation of all such experiments may be complicated by factors such as penetration into the cells, secondary chemical reactions or the inability to add the possible intermediates in the biological or "active" condition.
A normal precursor of p-aminobenzoic acid which is located in the synthetic sequence leading up to the break due to the mutant gene should theoretically be completely inactive for the mutant strain. Similarly, a precursor coming after this break should be comparable in activity to paminobenzoic acid itself. If all the effective substances listed in table 2 owe their activity to their conversion to p-aminobenzoic acid, Neurospora must be able to reduce a nitro group,12 introduce a carboxyl group para to an amino group, oxidize a methyl or aldehyde group and de-acetylate or de-methylate an amino group. The activities of the effective compounds are so much lower than that of p-aminobenzoic acid itself, however, that it seems doubtful that any is its normal precursor, -or that any of these reactions is involved in the normal synthesis of p-aminobenzoic acid. VOL. 28, 1942 GENETICS: TATUM AND BEADLE These compounds may be somewhat active per se, or may owe their activity to a conversion to a p-aminobenzoic acid by a relatively inefficient mechanism not concerned in the normal biosynthesis of p-aminobenzoic acid. This accessory conversion mechanism should be equally efficient in the normal and mutant strains. In either case the compounds should have the same anti-sulfanilamide activity for botb strains if they are not normal precursors of p-aminobenzoic acid. Of all the active compounds listed (table 2) , only p-nitrobenzoic acid and aniline had any anti-sulfanilamide activity, I and no quantitative difference in their effect on the normal and mutant strains was observed.
It may be concluded that the active compounds listed in table 2 are probably not concerned in the normal synthesis of p-aminobenzoic acid.
In this biosynthesis the N or amino .group is probably introduced before the formation of the benzene ring.
Summary.
-An x-ray induced mutant strain of Neurospora crassa has been obtained which requires p-aminobenzoic acid for growth. Its growth is a function of the amount of p-aminobenzoic acid supplied, and it is indistinguishable from normal when adequate amounts of p-aminobenzoic acid are available.
The mutant differs from normal by a single gene, which must therefore control an essential step in the synthesis of p-aminobenzoic acid, and which is presumably primarily concerned only with the synthesis of p-aminobenzoic acid.
Sulfanilamide inhibits the growth of both the normal and mutant strains, and in both cases the inhibition is overcome by an excess of p-aminobenzoic acid.
A number of substances related to p-aminobenzoic acid are able to replace it, but their activities are much less than that of p-aminobenzoic acid itself.
The addition of benzoic or p-OH-benzoic acids or tyrosine did not increase the amount of p-aminobenzoic acid produced by the normal strain.
It is concluded that none of the compounds tested is concerned with the normal synthesis of p-aminobenzoic acid, and that this biosynthesis probably does not involve the introduction of an amino group into a preformed benzene ring. 8, 1942 The dissociation constant of nitrogen fixation by Azotobacter was first estimated by Lineweaver, Burk and Deming' from their data on the influence of the pN2 on rate of fixation by this organism. These workers measured fixation in the Warburg respirometer by observing the increase in the rate of oxygen uptake with time. The initial steps of nitrogen fixation by this organism were formulated as: E + N2 z=k N2E (rapid)
(1) N2E-E + P (slow)
where E = Enzyme (nitrogenase) concerned with first step of fixation, P = Products (increase in Azotobacter cells). Using the method of Lineweaver and Burk,2 they calculated a Michaelis constant (KN,) for reaction 1 of 0.21 atm. In their experiments the P02 was kept constant at 0.2 atm. and hydrogen added to bring the total pressure to one atmosphere whenever the pN2 was less than 0.8 atm. Since
